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(57) Abstract 

A gene encoding D-sorbitol dehydrogenase (SLDH); a process for producing SLDH by culturing host cells transformed by an 
expression vector having the above gene; and a process for producing L-sorbose or 2-keto-L-gulonic acid (2KLGA) by using the above 
culture. 2ICLGA is an important intermediate in the production of L-ascorbic acid. Thus, a process for producing L-ascorbic acid from 
the 2KLGA obtained by the above process is also provided. 
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m m m 

^mnit. ^^iVJbt- h-;i/7=t KP>y±— y (4i:^BJ{Cj3l\Ts v;nfh — 

L - V ;i/7tf-;^ li 7 t i/ J. ^ >f > J; :s L - t;^ =j ;i/ k' bf ^ ^ > C ) 
<b1- 2> ££t?£^0.$^4^^>i)i D - y ;i/:t?-^ (c >i S O jt* S L D H r5+*, * Wt" 

D^£tS;^tl•rv^i,o L-v;b:t^-::^7^t h-D^f:?— if (SDH) i5J:t>'L-v;i/ 
:t^V>^t Ko>7':f— if (SNDH) 2|5tTOS^ft<]®?'fblxj;S^)^iLT 
L-v;^^-X5:2KLGA{c^ga1-*^^tl*^^?>nT^i^.^^*^ v^ri^*) 2 
K L G A(Z)Mft;V^£^/^©3!)*iKi«iT-fe S o 
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cn^T'{cu<oA^CD^^r©SLDH t^^^^ nx I ^ -5 lAgric. Biol. Chea. , 
4^(1), 135-141 (1982); Biokhintiia, 45(6), 1067-1078 (1978); J. Biol. Cheat., 
224, 323 (1957); J. Biol. Chea., 226, 301 (1957); J. Bacterial., 71, 737 
( 1956 ) ], *:^B^# {± r T- 13. u y M i!7 ^ - . :^ =^ V ^ > ( Gluconobacter 
oxydans) fc/gr S S^** ^ ^ M^sS-&^T-;'^d^ 2 o©-^- t'o. - «yh*»e>;&|9,^c, 
JC5^ h^D-Ac^H^I^'J^r^^- h'i:Jiig^UTftffl-r^SLDH'&33- HTSiSfe 
-7<&mMLTl^S (aPiil#i1^aiiH4iiaW0 9 9/2 0 7 e 3^i&$B)o LA^LjS:** 
ffeO^-r rffiSLDH5le^CD^D-->^f(30l^T{±^ :inST-^^A^3& 

L7t*5^-r. :$:^B^Oi&^li. 2 K L G A0^^5=.j^gtcWffl'5:if^aS L D Hig 

S D Hi* J:Z/S ND HrSt4^TT-C3^TS^itC^3S<5^:&^A 
2. S D Hite^Fi- ctt/f S N D Hitfe^ i: ^ {Cg^itfE^^^A L AcJf^.^ 

h-;u*»?>L-v;ujJi-;^^3t:{±2KLGA^i^3if '2>:^?£$IS^r-2)C:i: 
T-^tJx ^^)(c:l^:^i£{3j; 2 KLGA*»?>©L-7';^zi;i/t:>ig©^ 

ff^MteJ^^nfe^im^^ot^gii; SM^fe^ S L D HcD^?t;>5S3Et;f{3|^ S L 
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0 □ - K W$:^tf D NA^^D-nv^r^di: iZ^PJ L tzo ^>-^,3i > 7. (0 

-v;n::h-;u?r2KLGA{z?5&¥J:<^MT^::^{ze^SjL. ^Igsj^^ggr 

(1) Tia®Sfb^W.®<&W1-5SLDHo 

(a) ffrffl : D- v;i/t* h-;u^&L- v;i/;J<-;^(c^m-ri.S/iS^ft!!iitI-rs 

(b) ^-i^a:j^5 4kDa 

(c) : N AD (P) Mic?^<4 

(d) : v-'i/fc: h-;K v>- h-;K f h -;i/^!}^^otj{z^<i: 

(2) ^;i/ZJ>'yN'^^- . ^^i/y>:;?G6 2 41*ft5fcT'feS±l3 ( 1 ) ©SL 
DHo 

(3) ±13 (2) IBtEOS LDHi:^^«±. im-CDite^^jg^ii-r^ S L 
DHo 

(4) y;H3>'M-^^-^{zMt-Sa®l±3*T-fe'5±gd (3) i3«e05SLDHo 

(5) lUT©(a) ^/i(±(b) ©SlSMTfeSSLDHo 

(b) ±i3(a) OT'^ y^g35ll{ci5l\Tx 1 ^ L < fiMOT ^ y M 
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4 

(6) ±iH ( 1) ~ (5) CDl^rn*^®SLDH$:=i-h'-r5DNAo 

(7) WT©(a) ^fcl±(b) ©DNA-efeS±i3 (6) (ODNAo 

(a) &mmnmm'^2iz7j<^tii>mmmmfpi^m^n5 37-199 ixm^ 
n^mmimt^ ^ i> d n a 

(b) ±t3(a) (Ommmt:^ h 'J>s;x> h-fe^f^T-^N-r :/U^''<XLf#5D 
NA 

(8) ^;i'i3y/x'^^-M{zM-rsMS3fe-C$>'5±BH (6) Sfett (7) ®D 
NAo 

( 9 ) mmmm^m^ 2 izm^ti^i^&mm^i^m^^- 537-1991 xm^ 

(10) ±12 (9) CDiiiS^tioTn-K^tL. SLDHfSt4*^t-Sy;i/=i 

(11) liLTa)(a) ^fcli(b) ©DN AA^c,^ci,rp^-^5'-iSfe-To 

(a) m*mm,mm^- 2 {CTf^^nsmsiE^ytf^iss-t 1 ~ 5 3 6T-^^ns±g 

=Sia3'''J>^P?.'feSDNA 

(b) ±iB(a) ^DifiSIE^JU:i5^,^^:. 1 L < {iMcDigaA^is:^. ^Jfe. *iA. 

TT-D^-^-fStS^^^t-r^DNA 
( 1 2) ±12 ( 6) - (9) m^tM<DDNA^^mmPL^^^-o 
(1 3 ) ±32 ( 6 ) - ( 9 ) (D\\tM(DDN A^^tS^m^^ ^-o 

(14) SDH^zJ-Kf'SDNAiJ.ttJ^/SfcttSNDH^rJ-H-rSDNA 
*^?>C^tr±i2 ( 1 3) ©^3S'^^^-„ 

( 1 5) ±13 ( 1 3) ^fett (14) (D^m^^^--cm^mm^mnmmbr 

iiG)xmm. s<'3.-h•^:^xjs. ^^;^3y>'^-^^-s, t-\z y/^^ ^-mti 
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5) mmM^i^o 

*©T-fe^±§B ( 1 5 ) tfc{± (1 6 ) mm^t^i^o 

( 1 8) ±iB ( 1 3) (D^i^^^ ^--cBnm^^ntz^ALmm^im^-rrmm 
mi^n^i^m»^±.m (i) ~ (5) (i o) cDv>tti**®sLD 

( 1 9) ±B ( 1 3) CD^m'<^^-T-?f^'H«^nfc1f^iW^t^ii!l'4'T-tS^ 

(2 0) SDH*=i-Kt--2>DNA*5J;t;^SNDH^&=i-H-ri>DNA^^tJ^ 

^0[)Mtll^±-fi3 (1 9) 0:^i^{cJ:t3'f#e>n2)L-v;i'^-X=g:gEM^-y-SX 
fi^&^tr 2 K L G ACD^jg:5i*o 
(2 1) ±13 ( 1 7) ©BS$ii^i*^i^t1ii*t:^^L>v ^^nsigft^^^^^cti^ 
cDiO.E|i^tiD-v;i/k: h-;i/^^)54^-yri)XSi&^tr2KLGAOS^3t:6-rio 

(2 2) ±M (2.0) ^/ili (2 1) (D:^mizX^n^ni>2KLGA^. L- 
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m211li. y^^^ h'pUCP 1 9-B7SX2*3.tT>*pUCP 1 9-HCCD 

T>NA^ >v—hd^^(Dm^mmmm. aewcpucp i g-HcoDNA-r > 

^4E0tt.^^-c^^-p SDH- t uf B 1 -E c o-d 9 UOiHS^jfeEl 
mSHJi. ^la-c^^-pBBR (Km) -SDH - S ND HcDiife^iig^ 
^6El{i. ^?S-<^^-pBBR (Tc) -SDH • SNDHOitfe^M^ 
^70li. ia-K-c^^-pUCP19-SDH- SNDHWilfe-fjt0=&^xr 

*«1-S. ^3-^a$^5 4kDa0^aMT-$)D. MP^^ UTN AD P* ^fc{±N 
AD* ^^^t^z.t^'5^^hr^.^wm\-iV)\^\f. h-;ucDffe. v>- h-;K 

*^P^©SLDH{i. ±.U<D^m-k^-rh^y)^(D^^\zi^{zUm.\±tii<. ^ 

iy^y7.G624m (PERM BP-44 1 5 ; m^^.mmm^mvj 0 9 5 / 
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2 3 2 2 0-t45r$a) S5l5©SLDHA5e?iJ^^n?,o ^fc. giJCDW^S LU»lCiJ 
UTtt. *^Bj3CDSLDH(±. G. ;r:^i/^'>:^G6 2 4^*3fea)SLDHi:^ 
T-M<b±x |pl-oiSfe-7-$®#.i:t-i>SLDHT'feSa :iCT'. ^^^mit±. IBJ 

X^s ^7^3i'fb±x G. ;j-:3^>'y>;J^G 6 2 41*[b5feC[)SLDHi:i5^-<7)Jgta? 

Amm±. n&^<iM^m^^unLTi^^o ::tLe><DS ldh{±, »^L<{i. o. 

:t:^ri>^^>;^G6 2 4i^fi3|5©SLDHhx D N Ai^^J{C4^l^T 6 0 %W±. S 

^{c J; •) ^©jife^^ n -- > ^-r S C i: A«T- §^ o 

^ {zjff ^ L I ^H§^{c j5UT {i. S L D H {igei'iJ^iB5iJ#-^ 1 iz?:^^ 

my K ^mimt^i^rjiJhS^n. ^fcliSLDHfSt4^^i>5:t>^&:^^fSKT^ 1^ 

*^B^®sLDH{ix (1) umm^m^ri>mM^r^mm(Dt^m<&}^imt 

5 c ^ C i o T «iif#-r 2) c i: ^ S o 

S L D Hm^JlfflflS*^?)© S L D H(D-^ilt)|iS^(ix ^Jx.{iWTO J; 9 L 

tS#tl3!P?) S L D Hr5i4*^tfli^><&^Mls]iR-r-i>o fi?ilx.ttx WBMtmU^^ 
(>*;^B^®S LDHIiNAD (P) * «c?^t$T'$)SCl « 
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L^ 10, 000-40, 0 0 0 ^pm^S^T^S^li^tT±?S (Rj^gt^lBii^) 

;umMr7)cii) ( p A G E ). sDs-FAGEmo'^^mo^^nmr^ys^s 

'^m.L. f# ^ U K ^fejl^H^cH^^f^ hTll5& (renaturation) ^it 
^ ^*^. G S Tm^<Ds ^^^mz7y -< =.y^^—<Dhi>mi\' a$t^@£^"'J^^Jffi 

LtzTy^=.y'^-':7u^h^^y^-X'm^<'mmt^ztii^X'^io ufc*^ 
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miznti>tfii^^m^izLrzt^-oximL. umm^m^.r^mm^tzmmji 

L7!pL^C*J^s ±HB0G. ^=Sf-v-^>;^G 6 2 43)^^8 LDHcDiotc, 

t:^^? ';-->^^-r^ci:*sT-§:5o SLDH^i^ D-v;i/t h-;i/<^:L-v;b 
nf-:^tc^«|-r-50T-s ^fefi£-rsL-v;ujf:-^^mt-^cJ:{3d:t) SLDH 
rSt^E ^ ^ -r ^ ^ p - > ^iSiR-r ^ :i h A^T- ^ i> o ^ciJx ® jgffl iz&tz^Xli. 

m^m s -r s L D H TSt4 ^^r ^mmi^tz itmrnt^ ^ n a =& m 
mizx^^mi.. zti^m'dirjimmmmx^mi.x. fiF^t<{i^ei<*^DNArt 

^hl>z-(>if:\^u;^^:;^-i/>^^'n-oX. ^ y^DNA^-fy^ 
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SiJt:D-v;i/t:h-;i/J&^tffaf*:iSifetc*lltTtg#t-So i^mmj'i^. tS«-l: 
m^miLX. mPLl^. U^/;u^>-Jg^S;-& (Cohen, J. Biol. Chea., 201, 71, 
1953). ]y^/)\y^>>-m-miM-M^RJit:^ (Kulka, Biochea. J., 63, 542, 1956) 
O J; 9 ^ ^ h V -X ©MfeSJi& V ^T S L D H^t^^^r S ^7 n — > ©fg 

=1X5 D — XDDNA-f >-ti— h{±3 5 — 4 5 k b h^^^tzX^lN^T^ 

T-^^o ^%m^^\^X\X. myLU. 3f?^l 0-2 O kbCDDNA-O-tf— h>£itX 
nS^I^©>'^P^ K^O->{C-DV^t^J®^^V«yl^>^:g:^fl^^ S L D Hit 
±13®:^ h^7^i^-i:(i»J{3^ 2|s:^PjOSLDH$ii-h'TSDNA{±. PC 
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^m^^tzltmM^^(D^ I '3;^:7DNA$/i{icDNA (^ L<limRNA) 

^mmt m^mf^t^ s l d hcd^- k^j^^^^'n'-t s ct o ^cMi^j^^r u :j 
i^ylm»ICDSLDHi:^T^i^b±^ (qi-cDjeM^wrssLDHia 

3|^CD S L D H jgfe-T- ^^D-->y-r^i^^. i29mgB^J#-^ 2lC7fN^nSDN 
AiEi«J{c^ov>T, ^fdJ^ytfi^^-S^S 3 7- 1 9 9 1 T^^n-SJgSiS^iJ^^ 
trD N AKT>tt?g)tMl5lt* =£^'1"^ D N ABJfM-^ii'li t^#?> J; -5 ^C-b >;^*5 J: 
t>*T>^-fe>;^7••7^v-&;^^LTPCR^ife5&|l^te-rn{iJ:l^o ifi<JO 
S LDHi:'^)^t3fefflPH4=&^rS S LDH©D N Aiii5?'JA»*»]©iyi^T'^> {j'lJx. 

MmWtmo S L D H i:^>^ji<b±s [«I-©^?li?S:«-r S S L D Hit^TO^ D 



I 
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mtLs g^»pNAS^^Jc7)^^^l5tfca:-Sl5^&rD-ri:LTfflv^T. 
±m(D^oizLxm^titi'DNA^>v—h(Di^mmi±. -^^v-i:^ ■ ^;^>'^' 

-4;5f6B^®SLDH?:=i-h--ri)DNA(i. H^L<it. MmmM^m^ I i^^- 

lE^UiP ?> 5&: ?> M e H D - V ;i/ 1 h L - V {3 ^l^f S SliS ^ MiS^ 

Lf#S) 5r=3- h--r:£DNAT'fe^o ^ t L < li> S L D H 5: =i 

- KTSD N Aji. ani^'ij^iB^js^ 2 iz7i<^n^i^mm^\^ms^m^ 537-1 
^DNAj iitt. B^i^^msiii3'-ij5!p?»^*DNA{cinx.T^ m^^^mmt^^ 

Roi^^$^lg^iE3^iJiP ?>75:2,DNAAs=i-h'-ri>Me:»h fSJ^CDS^b^^Q^flK 5: 
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■^5 3 7-199 lT'7fN$ns^SE^JiJJ;l>*^©^^DNAi:M^ ^'J^^-fX 

{tT'^<> mRNA3!p^f^?>tLScDNATfer3T*). $)'SV^Iia^^lJffl5^!l§-^ 
2 {3?i"N^nsJ^Si2^a4'^S#^ 5 3 7- 1 9 9 1 T-zT.^ixS^SiEJ^'J^&^l:: L 
Tx -^b^^fi<]{C^fig^i^SDNAT'$>oT^)ctl^o 

±sBOJ:a(cS LDHrStS^JgtihLT^^ ^ ^DNA3!pC,fic,tLfc. SL 
DH^zJ-K-r-SDNAfi. ^05 •±i?t^iJ|6 7" D ^- ^ -itfsTiB^'J ^ 3 ^T 

m^i^^^m-^ 1-5 3 6 -tr^x^ ns^sBH^ij. ^ tcwmi^&mmizioi^x. i 
4) L < liMtD^SA^^*. s^. mx. ma^ L < {if^gfp^tifci^aaa^'j*^^ 

fe^o cicit: roa^^j tLxits mm mxit:Kmm. ^-^m. v^-k^:^ 
mmf^ixw.^u^^tzitm$mmr-^i>^0r^nim{zm^^nr. r^^i 

SLDH$:U-KrSDNA ^M^^J^^mm^iiL^mm LXWXtiZ tizX 
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'^H^tiyi^'E-^-mm(D-fm^xv^^-5.^-'^-mm(D±m.iz^A. 

ctt/f Shine-Dalgarno ( S D ) lE^jTb*^* tiSo m^ii^i^mmcot^^lzit^ 
rp^— ^— Ig^ilUTt rprn^— ^— , lacrn^— ^— , recAT" 
D^-^-, IpprP^— t acT-p^— ^— ^fis. ^it. ?§^35Stt^ 
rP^-^-?I^J:LTSPO 1 rp^-^57-. SP0 2rP^ 
— penP7-p^-a^-l|is^{f fjH^o ^-^ ^l^h UTJix 
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v'^Qlh^^^-m. feaM{±tt:^B*3fe©pUB 1 10. pTP 

5. pC 1 9 ^mt^mir-^t^^. 

5|s^l|fl(DSLDH=&D- K-rSDNA^rStr^]^'^^^-*^ M^^S LDH 

)iiM§fflii<b L^§ s if^^co T ^ J mmmm\i ^ jb^it-. s l d h ti^^Wf 
s <t ^ {c, ^315© sLDH=j-x>f> ^mn(Di^m:.w^'&'7 < ^ j^ssj^u^: =l- 
ft?^L<(±bX^i?>A»'^ 7^ ;5i25'"iJif)5^{f ti^ o C O ct o f^Wm% S L D H© 

^^CSLDHu-^^-f >^i25'J©*Jgia^Ji:- -^-rSJM^iS^Ji3. ^tSUT^^ 
3n$-;^^D7•^^'v-i:UTffll^. SLDH DNA^&f^MhUTPCR^fr 
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^^BJ®SLDH^=i- KTSDNA5:^M3i^^iS'-*^ 2KLG 

t{iSNDH<^zi-Kr5DNA<&. lr^±«rt T L ?# 5 MBX^m "T S ^ 
^^-^^^-^;lH^^Ci:^,T't^o SLDH>&3i-K-rSDNAv SDH^ri- 
K-r^DNAi5J;ZJfSNDH^i3-KT^DNA{i> ^n^tigUcrD^-^- 

CD» T ^ > 7^ A 13 L T <fe> J: V N o 

;l ^ ^ ^ ffJM^JII-r S d i: mt ^ztt^-Xi^ho m^M 

fc^^MBS^ b < l±mx{*:«^C i^ffl^®«A5^Jffl-?: # So iff S L < \,±m 
@. iNfC:A:M^ (€?!lx.liDH 5a. HB 1 0 1^). tt#Ms S/j-- h'^:f:^M^ 

So m^ifi:Kmm'p^^mm(Dmm(Dm^izii^ cohen ^(oismproc. 

Natl. Acad. Sci. USA, 69: 2110 (1972)] . 7*d h 7*7 X h?i[/foi. ffefl. ffenet., 
168: 111 (1979)] . =i > t5^> h?i[ J. Mol. Biol., 56: 209 (1971)]. xU^ 

^l^t::. 4i^R^©ffJMeJ^i*:Jix 7|5:^^0^©S L DH>&=7- h'-TSDN A^^tf^ 

t^^ 2 KLGA^i!ijgrsci:=&Btf5J:LTf«$tis^^. ?§i,«{iL-y 

;U7t?-;^$: 2 K L G A(C^m-rstfe;^«:^-rs ^CD-C$>S'iJ»g*s^So $f * L < 
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:^r>'y>XT- 1 0 0 (PERM B P - 4 4 1 5 ; M^Nfff iiiM^^MWO 9 5 

y>'^•^:7^'-®M. T'-fe hM-^iS'-^iiia^is^tf p,n^o :F,i$:agic{i. e.coU 

JM109-PUC19SD5 mWmmWi^miO 9 4/2 0 6 0 ^^<Ikm , y;^=2//^" 
. NB6939-pSDH-tufBl, ^ ^ ^ - - y^-^^y ^-yT. 

NB6939-pSDH-trp6,:y;H3y >'N'^^^ — ;i-=5ri'^'>;^ NB6939-pSDH-PLl, 

- :r:i^vy>;; NB6939-pSDH-tac8 SPf^i^H'Fm^^iPIWO 9 5 

/2 3 2 2 O^ii^) ^A^fifiJ^rx^n^o 

XT. SDHj&u- K-T'S DNAiJ J: tJf/^fcliSNDH^n- h*-rSDNA*s 

^fc{iSNDH>&=i-K-r^DNAOU-rn75P--:^^^<J^-&> ^^DNA^^ 
■if^%mmWk7L S L D H tt. ±13© SLDH$:=J — KTSDNA $:-^tf ^^^-^ 

^ ^ - <&^^-r s V ^ -rn A^off^Kfe^i*^ =& m t^ifertn x- tg« u . ^ n s 

t)5b> S L D H *eg«l-r S C ^ {3 «t D ISfiif S 3 i: *iT- 1 ^ o 

^-it7A, >CDj!lD7jc^PtJ, BlOfftaii^, ^^''J-^rhV, M'^i^hb'jrh 
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3^-:^3 ij r:7A, Jg^l:v/r:f:>>r:7A, mm-^^^i/^h, mAtti)\/i/Olx). tr^^ 
CaCOj. ^•;-bo-;i/?g:iiajsj6i:-r'5^ilfeT'$)So Sfc> i^mom (D-V;i/ 
iim 1 8-4 O-C. $f5ilc{i2 0~3 S'CT 5~ 1 5 Om^Sxryt>ti^o 

s L D H®*tiS{±. s L D n^^<DW-^r^m^izt6 \:,x..mn^m^fi^m^^ 

n^^-f-^pv h^77.f- ; IMAC) Icj;!). mMR^'^^i^l^nr 
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m^mm. $J=^b<(iSDH^n-h'-r^DNAiDJ;t;^SNDH^=3-h*1-aD 

-a- * ;^ ^ li. L - V ;u:1^-;^ $ ^ s tgife^^T- i^^i. W ^ tS^T s 

:*:^B^©S'J® 2 KLGAtD^jg/j^{±. ±13® S LD H^^u- Kf^DNA?: 
^tf ^^-i ^ ^ --^Bnmm^ titz. L - V ^ 2 K L G A bf# 

0^ © L - V ;i/ ^ - :^ © Si j^:^ i5 J: tJ^ 2 K L G A CD SUig^- ffi 13 i% > -C ffl V ^ 
^ n a igit*5 J; tJft&#^f^{i> ±idcD S L D H ©lijt:^?S (C v ^ T ffl v ^ S <b 
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V ;u tf h -;!/ $ li L - V ;i/ :t-^- ;^ -r ^ t&m ^ x mmn^^^ ^i^mr^ 

( 1) ^fe<*:DNACD« 

G. :i-:5ri/;$^>XG6 2 4^ (FERM BP-4 4 15; mmMmiUm'Jkm 
W09 5/2 3 2 2 0^^^ii)®->>^;i/=in^-$2. 5%-7>- h-;W 0. 
3%JJ^'J'^rh>*Jj:U^0. 5%^S:i^=^;^3tPe,^j;SJ^i&(pH6. 0)-C-3 T-C. 
4 8^F0^^^Ufco "S<$^$3i'CA (6, OOOrpm, 1 O^P^) IzX^misbX. 

mmjkimnzmmLtzo mm^^^sTEmmm C2 q%7.^u-:;(,-5 omM 

Tris-HCl(pH8. 0)^lmM EDTAD lralT'#?KL. ';vi?" 
-A2mg^anx./!:^x 3 7°CT- 3 0^P^JiJcMLfcoCmz.-9-;i/=i f^;WMC 1 % 
^'i7D'f;i/-9-;i/=ii/l/— h- 1 0 OmM EDTA(pH8. 5)1} 2. 5mli: 
rDy'^f—ifKm'M^i 0 0/zg/ml)$:^lax.^ 5 0"CT-2^mSUfco 
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cin{c-bi/'i;A^D^^' K5. 5 giJJ;Df5mg/mlx5^i;ii7A:7p ^ H O. 
3ml ^iUX.^ 2 0°C. 5 0, 0 0 0 r pmT' 1 6 ffSP^Sil/t^ Lfco m^i^BN 
A^^tS^^^^^X^. TEiliiijT{$ CI OmM Tris-HCl(pH8.0) 
-ImM EDTAD 3 Oml-C7???9?Lfe^> SLCDlmM EDTAT-2luljg 
mi^tzo jSM^^ vy^y-;i/-r-4lEl. >'3i>'-;i.T2lnl> i5'nn7;i-;UA-?? 
3lpl»Ufc^. Ji^y-;i/?±i6tJ:t>!iiSiLfco :in^TE^®?«l OmlT 
^j|¥b. 1 8 0/zg/mlCD^tli*:DNAm>&?#to 
(2) n:;^^ v^^zr'7^}-(Dim 

;*;llSiDH 1/p c o s 6 EMBL (ATCC 3757 1 ;ft:fe7r-x'- 
■i >i'-i->'3i-j\y im i^dax-ATCCi; t))^A) ©i>>^;u=iD^-$ 5 0 
/ig/ml*:^V'f '>>^^LBigtt!lCl%*'V^7-h>^ 0. 5%&ISai:JrX. 

ipni . 4): 3 m 1 rfT' 3 7 "C. 1 6 B#P^tg-aLfc?S^ ^ 
(DO. bml^S 0 Mg/mltii-^^ i^y's^LBi§m5 Oml^AtifcS 0 
Oml^:£^7v;^=i{zmLfco 3 7°CT-8^P^t&»Lfc^s iS't^ ( 6 , 00 
0 r pm. 1 O^m) izX^mmb. QIAGEN Plasmid Midi Kit (QIAGENtt) 
n;^^ Kpc o s 6 EMBL^ii^LTho pcos6EMBL25//g*50U 
CDBamHI-C3 7-Cx 2^M<b^. ai^ y -JU^tSStc J: iDiliSJLfeo 
3U©ff'>i//MliEtl*7';U*U7:i-X7 7'^— e (CIAP)T-37*C. 1 Btr^ 
ffiiU>M.P.L. x^'y-JUiJtMlcJ: ►jliiiLfco ±M (1) T-i-^^.nfc 

G. :t^v^>:^G6 2 4'^<D^fei*:D N A 1 0 0//gi&5 U®Sau3AIT' 
3 7-a l^RggiJ^mf^^ ai^y-;utfcii8l3 J; >5^i^LfcoS^gi5^3-m<bm'li^ 1 . 
5jLLgtpcos6 EMBLODB amH I v^ibW] 3 g^. 3U®T 4DNA 
ij*'-- tfT-4°C. 1 6B#P^^'r >Lfco Cl<Do*)3/il^ GIGAPACK II 

Gold Packaging Extract (STEATAGENE tt) T- >f > h d -s; > ^* L 7t » ^ 
©/^v-ir— v>^''?{ji^SM>'N''V7r— C5 OmM Tris-HCl (pH7. 

5)-100mM NaCl-8mM MgSO4-0. l%4f^^>)T'50 
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i^^UL. ^©2 5a£ lT^g/r^M (^^gXL 1-B lue MRA) 2 5 1 
^mP^^-^tz'^. 5 0 i/y^^LByi^-hlzm^. 3 7-C 

Y=7^-7^ *}—tfimi^tifzz.}iizfji^o 
(3) SLDHrSt4*W-rS^o->®X^ •J-->i' 

LBtgife* l.-^x^l/Sofc 1 5 OyulAtiAcQ 6 "i? x;i/rb- h )tLJS (:^;^'yx 
tt)T-x 3 6 8M<3D=»::^^ H o— 3 O'Cs 3 UF^i^^-^A^tctg^tg^Lfeo 
iiiCN(2, OOOrpm, 1 O^f^) i$^±^2 0// licO. 5mg/ral 
uy;i/'>>-x^y-;u^?^3 0^1 iiO. 2 1 6mg/mimmmni) T> 

^-'^A-i§Mmm3 o/ui^ijupitz'^. 8 o'CT m#Fta»tfco tgife^o^* 

m^^ti^o->tLXmiRLtzo Cti^Otg«±vS5:HPLC iti^l.: 
Polyspher OA KC (E. 7. 8x 3 0 0 mm ; jSK : ; ^ill^B : 

0. 0 IN Hi SO4 ;SaS: 0. 4ml/^$5' : R ID T-^^LfeiiCl^x 

(4) '>^ci^. H'^^^— 'ncd-9-:?'^p — ->y (-f h®$§'Hb) 

SLDHfSi^^^af 2>3 0 OngCDny^^ K^P-> 1 A4^. 2 OmUOS 
au3 AIT'S mm^^m^Lfzo ^tz. v/^O^h'9-2 8 

>v->a) 1 //&*4Ucr)B amH IT-3 7''a IKffM^bLAco Z©2-oO 

?gMtfc*»©*. 1 UOT4DNA'J*'— i?T-4°Cs 1 6 ^PfS^ 'T ^-i^ 3 > b 
fzo Z.(Do%l P.l'k GIGAPACK II XL Packaging Extract (STRATAGENEtt) t'^ 
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7 5/zi^?gierb, cnTm^Nffi(:*;MDH- 1)15 oui^m^^-^tzms 

5 OAig/mlT>l^i/'J ^^^LBru- htcm^s 3 T'CT 1 H-f >=^a^ 
-hU^co m^lUfeun--®^-^ 9 5^i$^ 5%v;n:f h-;uijj;tf 5 O/zg 
/ml*^:^v^i/>>&■^;ft■r^O. 9f&#f5LBt5tfe'& 1 -^^^i;!.^?!!:*) 1 5 0>u 
lAnfc 9 6 hAl^ (:^>'i'i^xtt) T'> 3 0"C. 3 BS3«9>S-^i»k: 
tS^tgllLfco (2, OOOrpm, 1 0^>P,g) ig^±^ 2 0 /z 1 tz 0 . 
5mg/ml b v;i/^/ >-:!:- 3 0 // 1 h 0 . 2 1 6mg/ml6?iSI 
$^(III)T>^^'^A-J^^^r^3 O/z l$:inx.fc^, 8 0 "CT 1 ^P^MUfco 

^^^LtzGl. C2. A4. B7. HIO^ B 1 2 © 6 -I? d->5: v;U;^'-X 

dtb^ T- tC^# ^ D - > CD$iJPS^mtfelil . S L D HiiiS^tZ {i Sac 

P ^ h*B 7i& 1 0 U©S a c IiJj:yf 1 OUcDXba iT-T^-fbU. kb (B 
7SX3) trnQVih (B7SX2)OSac I -Xb a I »rM-?:?#fco :i0 2 

ocDgrn-^^n^nAi^s-s/j-- ;^'>^ b>'i"^^^-pucp 1 9 [p 

UCl 9 ©N a r I gjJtSitz. p R 0 1 6 1 4 E&*© 1 . 8 k b©P s t I rrM*** 

fixities :kmmBnbaF' (ATCC 87 l l O) is^f.n^Ltz] 
Jii^L^c^x i^i-K^:^;^ iPseudoMoaas) (^©'^. :$:@^>ti{±i>'a- h'^:hX 
sp. F- 1 lli f. J^^^^m^^^c) ^xl/^ hD;J<-l/.-i^3 

>^l3Tff^!H^^L. Ps. /pUCP19-B7SX3hPs. /pUCPl 

9 -B 7 sx 2 *'#fco =1 > t:x> hfflfla©M*j«ttJfJfJMfe}lio^{^{i;*;M 
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C5^Ps./pUCP 1 9-B7 SX2l3V;UJ}^-;^^CD^mtg**sS»?)nfco 
^^f. Ps. /pUCP 1 9-B 7 SX2 5%v;i/th-;K 

0. 5%BIS:i:^:^> l%m<ti-\^^}^L.. 5 0>ug/mlT>t^ 
(pH7. 4)T'3 0'C. 4 BrSt^« Lfc i: CI 5. 2. 4m 
g/'nil©v;i/4^-;^3!)ifl?,nfc (^ifei?5%)o c:c7)v;i'7t<-;^$HPLCT-^ 

iZXfT-otzo ^^iz. GC/MS C*^A:DB-5 (J & W Scientific), 0. 
3 2mnix3 Om(filinO. 2 5 //m) -.rS^ : >-:^x^ 3 >= 2 3 0°C, 
:^^A= 1 0 0-C (5^) -*1 O'C/^T' 1 O^Pb^W— 2 0 0°C {5^5-) -*3 
O'C/'^'C 1 ^mra-2 3 OX ( 4^), t^m= 2 3 O-C ; : 2 0 

kPa (He)D ^fflV^T^ Mi:0^;^>''^^->®-llt^«ilSLfeo 

(6) sLBE^B^cDi^mmnm^ 

SLDHt5t4S^?STSi/i-K^:>-^©ff^MtEm^P s. /pUCP 1 9- 

B 7 sx2fl)r7:;^^ Kpucpi 9 -Bi sx2<d^ y^—vu^o^ummm 

m.miim2(DXr>i>zm^^titzo l/zg©pUCP19-B7SX2$10UcO 
Hind III T-3 7-C. l^F^vS^bLT. ^J^J 4 k b<7)H i n d Ill-Hind 
III^M-=fet#3to.c:0Hind IH-Hind III ^/t^'^^ ^'-pU C P 1 9 
tM^U T-^;^^ KpUCP 1 9-HC$^i|gLfeo ^UT. c:©7'7;^^H 
-(:iy3.-}i=Ei-7.^mnm^L. Ps. /pUCP l 9-HC^tffco dO^f^W 
fem^5|i$v;Hf h-;u$:^tftgt1!lT-t§«bfci:Ci6. S LDH?S<*©^m**sS:«) 
^nfc©T'. CCDH ind lII-Hind lim)-i-lcS LDHjifs-^O^SA^^ 
Si^TV^8iIi:Ast)*»ofco^^^T^c:®^4kb©H ind Ill-Hind III 
if>t®^SgflJ'*'J=&?^i^-r?)-J:l3tfeo ^f, pUCP 1 9-HC©^>-9— h 
1 kbcOSphl-SphirrM- (S IK ^0. 8kb©EcoR 
I -SphI®T>i- (ES) i3J;U^Jf?*Jl . 3kbcDEcoRI-EcoRI (El) 
»ri+CD 3 oC^Jt (E)2). ^n-etipUC 1 8{c-9-7'^P-^>yL> pUC 
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1 8-S 1. pUC 1 1 8-E 1 ^mtzo 

7-^X5. h'pUCP19-HC. pUClS-Sl. pUC 1 8-ESi;i:II« 
pUC 1 8-E 1 *5^>rb- btZUT. M 1 3 v-^:7:i:.>i/>yr7-f V-T- 
^Sjr->>^-— 9-;i/r^-r^-4Dctt/';>'N--;^r^>r x'- (New England Labs.) ^ 
fflV^-r^*!J®i^-^^>'>>y^fjo?to V->rM± BigDye Terminator 

Cycle Sequencing kit (Applied Biosystems tt) T'^:>t^!§sL^ ABI PRISM 310 
Genetic Analyzer (Applied Biosystems 4?t) Tr^lfrLfco J^l-. Tt^Lfc 1 1 
MCD7-7>f V-^T'&figLx pUCP 1 9-HC>&5^>n/-h(ZUTv-^:ii 
>v>y>&tTV\ $r)4kb(Z)H ind Ill-Hind III rrM-®^ai2^!J=&ifc^ 
Lit (i£y'MiH5nJS^2)o 
S L D H ite^^ i^- ^ > r 3 ^ V- 

S L 1 GCTGCTGAGTGATCCG 

S L 2 GACTGCTACTTCGATCC 

S L 3 CCTACACCTAGCCTGC 

S L 4 CAGTGCCGTCATGAGG 

S L 5 TC(rrGATCTCGGTGCG 

S L 6 GATGCnCAGCACGGC 

S L 7 GACGATCACGGAAGGC 

S L 8 GGTTACGTGGTCGAGG 

S L 9 CTATACGTGACAGGTCC 

S L 1 0 GCGCGATCTGGATACG 

S L 1 1 CGAGGATCTCGAACGG 

m^m^icDmmiy'i^. 1 4 5 5bp©0RF*«mm$nfc (^^^#^537- 

1 9 9 Do Ltzffi^X. SLDH{±4 8 5T^>'^iP^^cl3, ^^^SttiJs^ 5 4 k 



(ifi^J^SB^J*^ 3 ) 
(@B^Mi2^J«^4) 

{Mmm.mm^ s ) 
{mnm.mmB 9 ) 
(fE9'jigia5nj#^ 1 0 ) 
(Mmmm^m^ 1 1 ) 
{mmmmmm^ 1 2 ) 
imimmm^m 3) 
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nmm 2 s l d h (Dmm 

( 1) h;;^5=-v>-T ag>&«-rSSLDH His-tagged SLDH 

pUCPlB-HC (5ng) 5:7^ >r h tc L-r> pfu DNA^'J^^ 
— tf (2. 5U) -CPCR^fTofc (9 4-C, 3 0#-» 5 5 'C, 2^>-*7 2 'C. 
2^, 2 5-tf>r^;b)o J&ii5> r^-fv- (^2 Opmo l) tt9 9-ct-4^>P^jIjd 
H^l'^s L CD 5: ffl V N ;fco 
PGR 1 

CGGATTGC1AGC6ATGGC (Id^JISBa^US-^ 1 4 ) 

^^^^_2 (7->^-fe>;^) [SLDHzJ-T^-f >^ia^'J®3'«t-St■r 
?>i^^J> 6xHis (H). 3fe^Jh=ih'> (*) * J:t;fB amH I SS^i (T^SJ) * 

ATCGAfifiAlCC TCA ATGATGATGATGATGATG GGCCGGGATGGCGGC 

* H H H H H H {Mmmirn^'^ 1 5 ) 

PCR2 

(-fe>X) [BamHIgl5ti[ (™gU) ^-J^^^ S LDHit{Zi^®'lS^ 
Jh=3 H >Ofi^OiB^Ji:-^-r SSl^J^r^tr] 
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ATCGAGGAICCATTCGGCTTTTAGGGTAGC (Se^iJ^lE^JS^ 16) 

TAGCTUAGClCATGGGACAGATCTGAGe (iSJ^'J^lBJ^J^J^- 1 7 ) 

PGR l-e<Nf^li^{cJiitaLfc$5 3 6 Ohp(Dmn^Nhe I ^,J;i;fB amH I 
Tv^-fbL. ^fc. PGR 2T^^^0<]{ctiiIiLfcJ^l 0 ObpCD»rM-<^BamHI 
j5J:t;fSac IT-f^<bLfc„ cni:l±SiJlc:. pUGP 1 9 -H G^&B g 1 II isi 
l>'Ps t IT'ff^'fbbT?#^nSJ^2kbcr)»T)T-<&x pUCP 1 9©BamHI- 
P s t irrMt^$AUT-f >V— h®Bg III M<t ►)Ta?i^|S!^V^fc^7:;^ ^ 
KpUGP 1 9-SLDH<&^#Jt (Ei3)o Cix^N h e I h S a c I -eimbbx 
?#C)nSi^6. 2kb®»T)t<&^ ±sB2o®PCRli$imK-i:T4DN A'J:tf- 
-yT'BMt> PUGP19-SLDH-H i s>^^|gLfco COr^;^ = HTS/ 
:n.-]^^±X^mM^i^[.. Ps. /pUCP 1 9 -SLDH-H i s ^fffco 
( 2 ) His-tagged SLDH 

BH^S^^P s. /pUGP 1 9-SLDH-H i s©}$3ig(*i^a(^CD 1 
5 0//g/ml-7>t:i>iJ ><&^tr L Btgife 2 m 1 ^Atifc 1 Bml^gii 
itvf-i-y (zj — ->i?':a:) {C^tgL. 3 0°CT- 1 6MlS#Lto^0 1. 5 

ml^5%v;i/tf ;ui:5 0>t/g/mlT>trs/';>^^tfLBJ?fm5 Oml 
^XntzS 0 Oml^H^7^;^zi{zM®Lx 2 S'CT' 3 BF^t^SLfcoJl't^C 6 , 
0 0 0 rpm> 4-C. 5 ^F^) {ct t) ^® Ufc^. lOOmM NaGl^«2 
OmM Tris-HGl (pH8. 0) 1 Oml-cmmLtzo UMmm^m^ 

i&mwmn ( F 5: -^±UD - 2 0 im)-vs^mi5o%^ mm 

( 1 5, 0 0 0 rpm. 4X. 1 O^^F^) Ufc'^. ±^^|51iRLMM{±l 
mt\.tz. 2mlc7)TARON^Iig(CL0NTECHtf.)^ 1 5 m 1^3i-C.^^i-y (=i 
-->ytt)tcAn. 1 0 OmM NaGl^W20mM Tris-HGl(p 
H8. 0) 1 OmlT-2 [H]»LT¥ML3to ^t-t> 5 m 1 ©.hidMHSffl 
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thm^M^. m^-c2o^rsum-r^:it-x: His-tagged SLDH ^mm^-^tz^. 

lOOmM NaCl^W20mM Tris-HCl (pH8. 0) 10ml 
t?3lnl, \ 0^i3^\,1rX^^Ltzo dli^. lOmM. 30mMs 50mM^J;t>*l 
0 OmM-f ^yv-;i/>&^n^ti^#T^ l O OmM NaC 1^W2 OmM 
Tris-HCl (pHS. 0) 2ml^mmux.. ^n^n^iST- 2 ^>P^ISS 
LT His-tagged SLDH ^m\iLtzo 3 0 mM- 5 0 mM>r ^ V'J-)\^ 

iili^lcSLDHf£tt;i)^^aitfco mm^^SDS-FAGE^^Ltzta^. {5 

(3) n^i^y^^mm^^ 

±BB ( 2 ) xmWiLrz His-tagged SLDH 12.5 %(D^ ^ Ji' 

^D-yh (rh-4±) ^/BV^T. PVDFM (^^ t'n>PSQ ; ^ U^rn) 
{C^-^Lfco fig^^^v-yj U T> h3^Jl/-G-2 5 0T'5{$€sLfc^x 5 5 

>,>_/7a:>-9— G 1 0 0 A (t3.-b«y hz-^yiJ- Kt±) i:PTH7':^ 
1 0 9 (ha-U>:/ h>'S«y:*J- Ktt) t' T ~ ^ ^IB^'J^*^ b 3t i: :i 

(MITRETLKSL ; ifi^J^^iJ*^ 1 8 ) *s^§c,tifeo 

(4) SLDHfSt^OSfE 

TT-^ 1" ?>»tilfflMmt«^ 10mli:t-S:ii:s His-tagged SLDH oM^® 
mflg©?5fe^*6l51?To:ihx 3eT/{c5 OmM^' ^^y-^biSJit^l 0 OmM N 
aCl^W20mM Tris-HCl (pHB. 0) 5ml-?r His-tagged SLDH 
^mtii^^t^hZ timii. ±SB( 2 ) hmmiz LT His-tagged SLDH ^mmLtzo 
^^Cl^-Cx ^#?,ixfc His-tagged SLDH v;Ut- h-;bi:Sii&^-e:fcinS®^B£'^*^ 
«ftfco (2ml) JSljjclix lOmMd. 8 2 mg/m 1 ) v;Hf 

)W 0. lM^';i/>/NaOHMfft (pH 1 0. 1). 5 mM NADP*4=5 
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cfctFHis-taggedSLDH 0. 2ml (4 1. tL. 2 5'CT'2 4M 

S^&^-y-feo 1. 1 2mg/ml(D'J}l^^—Xt^^j&Ltz ('J)\y^h 

-M±0. 7 Omg/mlM#tTVAfe ; Sj^¥6 2%)o LtzffiriX. zi/VVh 
^-(rol MACrmm.Ltz His- tagged SLDH tts V;!/ 1* h -Jl^^mit LT v;i/ 

( 1 ) ^mmm-m^^mmvEmm 

5 0mM NAD* (^fcliN AD P* ) 0. lml> 5 0 0 mMi^Snijc 0 . 2 
ml. 'iillliiflfiJ 2 © (4) T'^^D^cHis-taggedSLDH mmiOfil (2. l^g 
MS) *5«tt;ffl7KO. 2 9mlifii^tjiim^iz, 5 0 OmMV^l/f h-;i/0 . 
4ml$^^^LTS^&=^Pi^SL (2 5*CK NADH (^^diNADPH) OtgJUU 
$^«gElt (UV- 2 2 0 0; ^mm<m) ?£ffil^T. 34 0 nm{c43{t5i!S 
^J^^mUtLXm^Ltzo pEl 0 . 14b'<i;r>-pH 9 . OcDSii&?M^Ui/> 
/NaOHjfiiifS*. pH8. 0^J:t>'pH7. OcDBLStimt'} >mi^ V ^ Ml 

mi4L^'^Mnm^Ltzo mmf^^i \ min± I ^mziumoi (ON AH E 

jttiNADPH) .?&^fi&-rSMi::£«Lfco ?i:Jb\ NAD (P) H©i$>^l!a-y6^ 
l!&{±6. 3mM-'cm ' ilLfeo Sfc. safittf:? •>ifii^T;ur ^ > (BSA) * 
;^5'>^'-Ki:LT. o-'J-ST^J^Lfec ^CD^^> SLDHIiNAD*i5 
J;tJ^NADP*(Dl^rn^M^5^i:L-r?«JfflT^S3!)*> NAD-p*(D:^mm^ffi 
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mi 





pH 


fSti (U/jngilF^) 


NADP* 


10. 1 


13 0.2 


9. 0 


3 0.0 


8. 0 


2 2.9 


7. 0 


4. 2 


NAD* 


10.1 


8. 1 


9. 0 


3. 4 


8. 0 


1. 2 


7. 0 


0. 1 



( 2 ) 

±.m (1) oSJ;&^«{Ii3V^T. v;i/t b-;i/*=&MSKTStglx.^ ttzmw 
?a*^'JS^>/NaOHi^ffi?« (pH 1 0. 1). ^i^m^NADP* JlfSm 
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02 





fSi4 (U/rngMfi) 




13 0.2 




8 5.7 




88. 1 




0 




0 




0 




0 



(3) lti:i^^)7.^m 

v;ut b-;i/^^^hUTs ±10 (2) (D^mzu-oxshDKm^^m^[^ 

tztZ^, V;i/tf h-;HC>rrr-rSKm M{±1 3 2mM (2 5°C) Xh^tzo 

J: S 2 K L G A^MWm^ 
jl^ifTi-miL:K^>^'T^ti)]/'ty'^-(D Kovach t#-l:A»^#^#^Hjt:i£J^r 
7;^^ h'Tfe^pBBRmT-^;^^ K [ffeiie, 175 (1995)] pBB 
RlMCS-2 (*:^v-r i->Mt4) *5 cfctJ^p B B R 1 M C S - 3 {=tVv^^ 
^>J>it<4) ?&'<^^-hLTfflV>Tx i/a-K^:h:5^Ji<*l3SNDH/SDH 
iSe^^^X Ls 'f§ p> nfcJf^Meil<=^tc J: ;g,L-v;u:}?-;^ip?,®2KLGA© 

(1) SNDH/SDH^m^r^;^^ h-®:^^ 
t uf B?£rD^-^-i:-r2>SNDH/SDHii^^?&^tr7'^X^ h'pS 

DH-tufBl-Eco-d9U(04)5/zg =feEcoRI ('<-U>**-- 
-7>/N^'Att) 5 0UT3 7U mP^vi-fbL. 0. ^VTiiU-7.^}\/l:m% 
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MLfem^ SNDH/SDHjife?S:^tf3. 7 k bOE c o R I /E c o R 
im>\-^'^^Ltzo Z.(Dm^i^pBBR 1MCS-2 0EC oRIMt-t^AU 

^pBBR (Km) -SDH • SNDHilbt:: (llI5)o 
tit, t uf B^^rn^-^-h-r^SNDH/SDH^ifET^^tfT*^:^^ 

h'pSDH-tufBi m^:f3mimmmfthm/^m^mE p 0758679 

AHzmM) 10//g^EcoRI (^-'J • v>M^ Att) 5 OUT 3 

7'a immmitLtzm. ^u^oy^^^^h {-^y^^>v->m ^mi^^x 

MUr-3 0^TMm\.XM^^¥m{tbtzo T4DNA'J*'— tf (TOYOBO 
m <&ffl^^Tl^«t::P s t I U>*- (GCTGCAGC, TOYOBOIt) ?:M*SL 
Jt^x PstI (-^— U >;b-- • v>M^ 5 0UT-3 7''C. lll#TO<bL 

fco mmit^^O. 8%mn-y.^)W-t:m^bmLX. SNDH/SDHjte 
7-^^tf3. 7kb®P s t I/Ps t ItSrM-^r^SiLfco :i09rr>T-^pBBR 
lMCS-3®Ps t iePiiL{C#Xbfco h->y— Ifai^ 
^i:|HIU:^fuJtc}fA^ntr^::^^ K^pBBR'(Tc) SDH-SNDHi:L 

fz (lI6)o 

(2) ixi— K^:h>^CD=j>b'x> b«O^Si 

v'i-^'^:^X sp. F- 10^U-feD-;W*^«#H^^i:5:^ l%M^hh 
'jrby (Dif collt)^ 0. ^%mn:^^7. (Dif cott)s 1 %^<b-:M^ 
'J'!7Aj!p^)>5:SLigtt (pH7. 4) 3ml*^tfl6. 5 x 1 6 5 mmsiC^^ 
tr^HLs 3 O-CT— i^igStfeo ^CDtg«r«^«$Lt^Jte5 Oml5&^tf 5 0 
Oml^H^57^::^n{cg|tU 2 5 'CT' 6 I^P^ig«L/io ^g•Sf«^ii'C^ LTM 
®L:^i^. i^aiUfc 1 0%iJrij-i:D-;i/7k?^?«3 Omit 2[e]i5trl^b;to 

LfelO%^U-feP -;i/7jc?^?«T-?J?S t . 6 0 >u 1 T-o^^ti b 

(3) i/n.-Y=ti-7.(Dm%U^ 
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im^m^ximi^^^ntzt^^-V'^i-:^ sp. f- io=i>t:7^> hia 

h\ pBBR (Km) - SDH • S ND H*5ctt/p B B R (Tc) - SDH • 
SNDHCDM^n^tll// 1 mi /is) ^Mk.. 4''CT-3 OOT(^i§Lfco 

0. 1 cmCD^^^^y hfp. 2 0 0Q. 1. 8kV. 2 5 // F®lfe{*l^-C h ^ 
7;l--ALfe^x 0. 4%^;U=i-:^$^tfLi^t1bC?J?iL. 3 0'CT-1B#P^® 

LTs l\mUtmPs. /pBBR (Km) -SDH • S ND Hi3 cttl^P s . / 
pBBR (T c) -SDH • SNDH$ai?#tfco 

( 4 ) Bn^nm^^ ct v;i/7n— XTb* CD 2 K L G A®^^^S 
±§B (3) T#f>nfc?f^M^i«Ps. /pBBR (Km) -SDH • SND 
HiJitJ^Ps. /pBBR (Tc) -SDH • S N D H©v >^;i'=i □ r.-?:. 
5ml®Ltgiib^^tf 1 6. 5x1 G 5mmU.m'^\Z^MtimmL. 3 O'CH 
2B?Si^mLtzo .^coi^mmo. 5 ml 4. 5 % v;i/Jt^-:^s 0. 

0. 9%>'N-^h h'jrh> (Dif co^h). 0. 4 5%a^Sxdp;^ (Dif 
cott). 0. 9%m<b:^h U-t/A. 2 %JK^*;i'V'> Ai^^j^cS 2 KLG A^E^ 
;fltgtfe(pH7. 4) 1 Oml^^trl 0 Oml^H^7^:^3t:^@U. 3 0°C 

2KLGA:fcJ:tJfL-^ K>?^?:^SU;to v;!/^^'-^.. v;UTtfv>. 2KLG 
Aijcfct^L-^ K>^{±^n^tiL:JLT©^{^T-HP L CHJ: f)^*L;to 

*^A:Polyspher OA KG (7. 8 mmf^Sx 3 0 0 mm ; 
C i c a-MERCK) 
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^mm : 0. 0 1 N H2SO4 

-MM : 0 . 4 m 1 

: P o 1 y s phe r OA KC (7. 8 mml^lSx 3 0 0 mm ; 
C i c a-MERCK) 

0.2 SMffiM^'J-i/A 

: 0 . 3 m 1 

: m^^iSi^ (IbjgM : 3 1 5 nm, ^^ai?l3i:a4 0 5 nm) 
[2 KLGA*3J;tJfL-'f H>^] 
>b^A:Capcell pak NH 2 ( 4 . 6 mmpMgx 2 5 0 mm ; 

: 3 0%T-b h- h 2 OmM 'J A (p H 3 . 0) 

mm : 1. 2ml/^ 
-t^ftl : UV- 2 1 Onm 

^(Of^^. Ps. /pBBR (Km) -SDH • SNDH©v;i/7f?->^iP^ 2 
K L G A-v©^ii^{iJrJ 18%. L - ^ K >^'x©^^^&^^:^fc>^i■i> i:^!^ 3 7% 
T'feoAco ^fc. Ps. /pBBR (Tc) -SDH • S ND H(DV;i/Tt^-;^*^ 
c> 2KLGA'N©^m^{±3fe^2 6%, L-'T H >[t-^®^m^^-&^:>-'* ^ 
7%Tfeofc (^3)0 
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mmmmwi^mt^m (mg/mi) 









2KLGA 




Ps./pBBR(Km)-SDH-SNDH 
Fs./pBBR(Tc)-SDH-SNDH 


12.5 (25.0) 

15.6 (31.2) 


0.3 (0.6) 
0.15(0.3) 


8.9 (17.8) 
13 (26.0) 


9.6 (19.6) 
10.3(20.6) 



ttm.(Dtili)\,Z. mmmm^iy:^-\''^i-7. sp. F- iCDZKLGAiJJ: 
U^L-^f h->^^M{COl^T^>^'^fco Vi-h'^:^X sp. F-lCD^U-b 
D-;W*fS»fiF®<*:?&s 5ml®Lt&tfe<&^tf 1 6. 5 x i 6 5 mmlS^Wfcg? 

3 O-CT- 1 EJP^i^^Lfco ^®J§«f«lml^ 5%V;U:i<-;^. 0. 9% 
z'^^' h h 'J7*h>(D i f c ott)s 0. 4 5%i^Sai:i|rX (D i f c o^). 0. 
9%^'fb:h h >J e?A*>f,J^Stgt1fe (pH7. 4) 1 0 m 1 <£^tfl 0 0 m 1 
^>'v;^=i{3^^ilL^ 3 0XT-3BP^t$«bfce ^Sii^t§Ji'C^^lSlL^ H^tcJg- 
a?±vi'4^©V;i/t^-;:^.V;i/?t^V>^ 2KLGA*jJ;UfL-'f V >m^^RLtco 

L:i±J:t), 2 KLGAiJ«tt5L->f h'>®?^f3^.Mt^-t:<:Dvi— sp. 
F- 1 tCSNDH/SDHiifs^^^At-^CiitCct t), V;U7t^— 2 KL 

i^m^xummnut^w^ j: s 2 k l g A^stscot^i^ ( 2 ) 

I F 0 3 3 0 ; (R*) ISi^smPir (:^fi5r^iSl{/IIE+HW 2 - 1 7 - 8 5 ) <fc 
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( 1 ) i/i- h'^i-:^ I FO 3 3 0 9^^<DSNTm/S'DYimB1^0mX 
i>a-K^:^::^I F0 3 3 0 9^(0^ ^J-tn-MMI^^-^mi^^. mmm4(D 

(2) tmm(Di5m-cmmL. ^^y^i^T^yhmmmm^^mi^^m^Ltzo m 
i^mm^t:mmi^^^fitzm::^>i^y'> hm^^^A(^<^-^mmLtz'^s sndh 

/SBE^mfuWir^X^ KT'feSPs. /pBBR (Km) - SD.H-SND 

n-cmn^t^Lx. Mnmm^Fs. ifo3309/pbbr (Km) - sd 

±§3(1) xmhtitzPs. IFO3309XpBBR (Km) -SDH-S 
NDHOlfii^^^^ 2%v;i/t: h-;i/s O. 5%^S^^:^ (Difcott) 
3!)>?.'&i>5^11il(pH7. 0) 5 ml ^^tfl 6. 5x1 6 5 mmS:^m{3^^L. 
2 8-CT' 1 QPe^t^ftLfeo ^®tg«Mlmli& 5%v;Ufc' h-;U. 0. 5 %ft#S 

x:^r;^ (D i f c ott). 0. 2%:rs^)-^yY> mjftmms o. i%K2hp 

0,. 0. 5%MgS0, • THj Os 2 %C a CO3 Strife (pH7. 0) 
1 OmlS^t? 1 0 0ml5gH^7^;^Dlc^aL. 2 8 'CT 7 BFe^tg^bfco 

Sblz. mmmimiy^- h'^:^:XIF0330 9:^^(Hlbsfe^^T'i^«L> t&aS 
±^'^©V;i/t' V;b:t?-;^. VJ1/4^V>. 2 K LGA:fcJ:tJ^L-'r K> 

^(Df^^. mmUt^^Xit. v;^^ h-;u{iO. 4mg/ml hr^S^ftx 
v;i/^-;^{i3. 9mg/ml i:5zMtTV^7t*^^ v;^i^v>^ 2KLGA*3J: 

u^L-^r K>^mi^ai^n'5:*^^fco mmmi^^Ps. 1F03309/ 
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pBBR (Km) -SDH • SNDHT'ti. 1. 2 mg/m 1 cD 2 K L G A i:. 
0. Smg/mlOL-i- K >i§^&ll£|gLTV^fe {*4)o ttjit:>-^. v-a-K^ 
i-XlF03 3 0 9 7!)S2KLGA^-cfct>*L-^' h* >^^ililT■#'5:V^5fe^4^ KT^ix 
SNDH/SDH;ie?4l^^i{3#A-r^:ih{cJ:!3. v;Hi h-;i/A»^2K 

mnmi^^(D^mif^M (mg/mi) 
mm^^m v;i/:^'v> zklga l-^'k>^ 

/'s.3309/pBBR(Kin)-SDH-SNDH 0.41 1.8 1.2 0.5 



V :r - K ^ :»-Xff^Sf£{gM*(3 J: S 2 K L G ACDi^i^ 

(1) S LDH^]S'^^t$'-^5iU^SNDH/SDH%^a^^3'-*WT'5vJL 
±jlli®i^{C. pBBR IMCS- 2{3G. 3t-:^S<'^>;^ T - 1 0 0 (FER 

M B P - 4 1 8 8 ; m'HmWFllinmm'£:mE P 0758679 Al) E63t5® 
SNDH/SDHjieT^m^Vii^rdfB31^^5'-pBBR (Km) -SDH- 
SNDH (E15) ^^^bfco ^M0<J1© (5) T-f#?>*lfcffl^X.i^ K^:^ 
;^Ps. /pUCP19-B7SX2{c. .pBBR (Km) - SDH-SNDH 
^D:^^-^-«>^>^^fflV^T#AL^ Ps. /pUCP19-B7S 
X2 + PBBR (Km) -SDH • SNDH^^fco 

(2) i^^-h''Ei-7.mnUm^l^Jii2K'LGA<D^m 
Ps./pUCP19-B7SX2+pBBR (Km) -SDH • SNDH%. 

5%v;n^h-;w 1%/^^ h h 'J7-h> (D i f c ott), 0. 5%mm^^:^ 

(Dif cott). l%^<b:hh»J'>A. 5 0 // g/m 1 7'> fi^' 'j >> 5 0/zg 
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/mltii-^^iy>. 2%^'»J^^^;U->'>A*^t,^cSiSJ:i (pH7. 4 ) T' 3 
O'C^ 4BFegtS^Lfei:C6s 1. lmg/inliD2KLGAi: 1 . 7mg/m 
1(D^ \^>mtm^tltzo 2 KLGACoV\T{i. HPLCT'^^L> mfii^tCD 

y(D-m^mmLtz. HP L CiiJL t>*G C/MS{±^*l^ti|IWJ 1© (3) ^ 

(1) Ps. /pUCP 1 9-SLDH + pBBR (Km) -SDH-SNDH 
«0!I2CD( DT-^S^tfcpUCP 1 9 -SLDH-^i^i-K^i-;^ sp. 

F- l^JFJH^mUTPs. /pUCP 1 9-SLDH<&^#feo l^mx.'>i- 
h'^:h;^{C^f,lCpBBR (Km) -SDH • SNDH^^ALTs Ps. /p 
UCP 1 9-SLDH + pBBR (Km) -SDH • SNDH^&t^fco 

(2) Ps./pUCP19-SLDH-tufB + pBBR (Km) - SDH- 
SNDH 

SLBEmiu=^<Dmi>^::t\'y(D±mizSsplfS^{iL^mXti>tzl!blZ. pUC 
P19-SLDH (5 us) ^T^yrv-htLX. TiBT-^'f V- (^2 0 p 
mol)#4tTT% pfu DNA;|?U^^— if (2. 5 U) ^fflV^T P CR^g: 
ffofe (9 4'C, 30#-55-C, 2^^72'C, 2^. 2 5 ••t-f ^';U)o 

-b>;:^7-^^-7- [SsplM (™g|5) ^SJ^U^SLDHIJ-T^'f >^gE^'J 
© 5 '^Jgg h -St-ri) iSJ^J <&^tf ] 

TAGGAAIAIITCTCATGATTACGCGCGAAACCC (IB^JiSBB^iJS-^ 1 9) 

7'>^-b>;^r^'r V- [SLDHu-T^'T >i/SH^<jP«9(DE ag IM^ b'^ 

GATGCTTCAGCACGGC (iiiyijaiH^J#-^ 2 0) 

PCRT-#^0^{ctiifSUfei^3 6 ObpCDBllTM-^Ss p I hE ag I-Cf^^bb 
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tzo ^tz. pUCP 1 9-SLDH^Ps t IhEaglT-tmbbx .^^ 5 . 7 k 
h(Dmt^^mzo Ctif>2offlrfM-ht uf B7"D^-^-^^$fPs t I - S 

s p I m^- immmm^m^ 21) >&t4dna'j e t-mis L^ p u c ? 1 

9 - S LDH- t u f Bi&-^^L/io ^LT. zor^;^^ h'T" vo.— K^-^:;^ 
^Jfmfe^b> Ps. /pUCP 1 9-SLDH-tuf B^f^ito ^e>{c. S 
NDH/SDHrfit4^|g]St-?)pBBR (Km) -SDH • SNDH^^AL^ 
Ps. /pUCP19-SLDH-tufB + pBBR (Km) -SDH • SN 

(3) P s. /pUCP 1 9-3DH 
5/zg®pUCP19-SLDH-tufB^40UCDKpnIh40U®P 

stiTST-c. mra^bu 1. 6 kb»fM-i&^#fco S7t. i//g£?)puc 

P19-SDH-SNDH (pUCP19{cG. yt^i^'^yXT - 1 0 0^^(D 
SNBR/SBEMB'^mm^/ordmm^^^- ; 07) 1 OUCDKpnl 
i: 1 0U(7)P s t IT-3 7'C. immm^L. S. 2kb©rrM-^f§/io -tL?> 
2ocd»t/^-$T4DNAU*"— lfT-M/^L> pUCP 1 9-3DH^m^bfco 
^LTs dor^;^^ HT'i^a-h'^:H;^^EK^iliL. Ps. /pUCP19 
-3DH*ff/io. 

UliiiS?!! 8 2 K L G A 0^jgt*.cD|^a^ 

J:t>'7T'^^e.t^fc4a®ff$a^E^^^^fflv^T^ fi>??o$fifi&®tSJfeT® 2 klga 

[t^S 1 ] 

i%>'N*^ hh'jrhXDif co^±)^ 0. 5%mm:^^:^ (oif cott), 

l%NaCl. 5 0A^g/ml7'>t^i^';>^ 5 Q jn g/mltii-^ ^ iy>t^^ 
ta^h^m (pH7. 4) 2ml5:^trl Sml^^3.-y (7r;n2>tt) tc. 
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Ps. /pUCP19-B7SX2+pBBR (Km) -SDH- SNDH®^ 

^^,^^mi^cola^^^mmL. 3 o°ct-2 4^p^Hutg«Lfco mmmmo. 5 

ml^x 5%v;utf h-;i/. 5%mm:i^^7. (DifcottK 0. 15% Mg 
SO, -TH^O. 5 0 us/TnlTy\^i/*)y. 5 0 juLg/mlt!±^-( 'y>. 
4%i^mtiJliy^l^t>ibfi^^i^m^M ivUT • 0) 1 Omli&^tf 1 0 Om 

[JS#3] 

^mShLTPs. /pUCP 1 9 -S LDH + pBBR (Km) -SDH- 

sNDH5&fflv^. ^t^mt^Miz 5 ■tzi-)v^^ i^izmQ\^tc\ixmt. [^m 
1] tmmizLx^mbtzo 

^EShbtPs. /pUCP 1 9-SLDH-t uf B + pBBR (Km) 
-SDH • SNDH<&ffl^^. 5 %^ 'J -fe D-;i/^miP t^W^^lis 

i:[Bl«(cLTtS#Lfco 

^MJiLTPs. /pUCPl 9-3DHi&fflV>. 

#tSi^{c:4b*{tsv;ut h-;!/^ v;i/7}<-;^. v;ui^v>*5ctt;«2 KLGA^^ 
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g ic s v;u e h v s v -ii/^^y >:fc .t t;^ 2 k L G a t t^co 



as 





v;bh: h— ;b 






2 KLGA 




1 


4 4. 1 


6. 3 


0. 1 


3. 7 


1. 6 


2 


44. 8 


3. 1 


0 


4. 8 


2. 2 


3 


2 6.7 


5.1 


0 


10.9 


8. 4 


4 


2 6.6 


0 


0 


9. 0 


ND 


5 


2 6.6 


0 


0 


10.7 


ND 


6 


3 0.7 


5. 2 


0 


7 . 5 


ND 












2KLGA 






1 


4 1.1 


0 


0 


4. 2 


ND 


7 


3 


2 5.6 


0 


0 


10.6 


ND 




5 


14.2 


0 


0 


16.3 


ND 




7 


7. 6 


0 


0 


18.4 


15.5 



: mg/ml) 



ND : ;£mLTV^^l^ 
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X^-i-ofco mb> i^JL- • T-^^-^'I F03 7 3 8<*liT>h:i/ 'J >ilH 

:j^b-i/3>^. 5 0 o/zg/miT>fc:^''j> (iamoi of^a) ^^trL^ 

i^i-K^:^;^ • r^^-^'I F03 7 3 8<*{C S LD Hiife^ (pUCP 1 9 
-SLDH) -^mXhtzo n^fitzm%U\m'y3.-Y^ir7. • -T-^-^IFO 
3738/pUCPl 9 - SLDHCDi/>^5^;i/=iD--%, 5%v;i/t h— 
0. 9%/'?^^ hh';rh> (Difc ott)^ 0. 4 5%i^e3idrX (D i f c o 
^±)s 0. 9%^:^ h U '>A^J;tJf5 0 0//g/mlT>b*i>U >*^f,^(:i>v;u 
jjl— X^MJ^tt (pH 7 . 4) 1 0ml =^Str 1 0 Oml^ZI^77X=i{cgE 
3 o°CT-3.BP^ig«L}to ^$#r«>&ii^c^^!llu ig#±Tif4J®v;i/t: h- 
;^i5 J:U^v>/U5}^-x^j£« Lfco ^oii??m,-34. 6mg/ml®v;Hi h-;u 
)bsB?I^L. 7. 6mg/mlOv;u:^^-;^5!)i4fi!cLfco 

?,CD2KLGA®^^itM 

i'i-K^:^;:^ . r^-^I F0 3 7 3 8 t S N D H/S D H3i{S? (pBB 
R (Km) - SDH • SNDH) ^^ALfeo f#P>nfcff^MI5^t5lii/i- 
;^ • r^-^I F0 3 7 3 8/pBBR (Km) - SDH • SNDHCDv>^;U 

Z2u=.-^. 5%v;ujr^-x. 0. 9%M-^ > h ur h > (D i f c o^i). 0. 

4 5 /6g|Sx:^r:^ (D i f c o1±). 0. 9 %m{b:>- h U A. 2%m*;Uv"> 
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AiJilFS 0 JUL g /ml i^U^ 2 KLGA^mmi^m (pH7. 

4) 1 Oml>^^tr 1 0 Oml^E:^77Xn{z^|?fiiL> 3 0 'CT 7 B P^t^H L 

<&SSt/io 34. 3mg/mlOV;u:J^-;^*sj^??L> 13. 9m 

g/mlcDZKLGAiJctU^S. Smg/mlO-f h* >^**^fi£Lfco 
(3) SLDHIg]K^^^-^DJ:r;^SNDH/SDH5g]K'<^^^-*^ALtjf^ 
J; S V ;i' b* h ^, ® 2 K L G ACO^S^^^ 
i/j.-K^:HX • r^-yi F03 7 3 8^*(CS LDHi5J;rifSNDH-/SD 
HiiiS"? (pUCP 1 9 - SLDH:fcc}:t>'pBBR (Km) - SDH-SNDH) 

^mxLtzo n^ntzmmmmi^^- h•^:^x • r^^-^i fo a 7 a s/p 

UCPig-SLDH + pBBR (Km) -SDH • S ND HCDv'>^;U=i d::i 
5%v;i/tf h— ;u. 0. 9%>'N*^ h h UrhXD i f c ott). 0.45% 
^Si:^r^ (Dif cott). 0. 9%^'fb:^h •J'!7A. 2 A. 5 
0 0>ug/'mlr>t::vU >^3cJ;U^5 0 ytz g/m 1 *:h-x'-f ->>7!pe>^S 2 K L 
GA^feMfflJSife (pH7. 4) 1 0 m 1 ^-^tf 1 0 Om 1 ^H^7^;^=J{cma 

v;U;t<-;^. 2 KLGA*5ctUf>f K>^$:5feSLfco 35. 6mg/ 

ml©v;i/tr h-;i/7!)S^?^L. 13. 2 mg/ml02 KLGA:feJ:Uf6 . 2m 

ia^J#-^3 : pUCP 1 9 -HC0>f >-t>-- ^ D N AOi/-'^x>;^ffl7'^ ^' v 
- i: L Tii) < < ISli-^ U =f 7 ^ b 21-^ K „ 

i2^iJ#%M : pUCP 1 9 -HC(7)>f >1t- h D N ACDS/-^x>x;iir-5'r v 
-i: LTf& < < iSti-^ tlt;4- U n 7 1^ Ho 

i2^J-S^5 : pUCP 1 9-HC©^>-9--hDNAOv-^x>;;^ffl7*^^-x' 
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mm^^e : pUCP 1 9-HC©^' >-9-- hDNACDi^—^aoj^^^T-^-rv 

mm^7 : pUCP 1 9-HC©-r >-9-— hDNAc7)>'-^a^>^ffl7'^'f -7 

ie^J#^8 : pUCP 1 9 - HC©-r >-t^-- hDNA®v-^3i>;^ffl7*^>r V 

ia^J#^9 : pUCP 1 9-HCO^>-tf— hDNAt7)S/-^:r:>;^fflT^-YV 

SB^iJU-^l 0 : pUCP 1 9-HCcD-r >-9— b D N AcDi/-^ Ji>;^ffl r^-f 
■x'-i:LTili<-<.<IS:i+^n?t^'J=f7^U'.?j-^ Ho 

IB^iJ^^l 1 : pUCP 1 9-HCCD>r >i^— HDNA^ix— ^Ji>;^ffl7*^'1' 
V - h L T ® < < IS It ^ n :r ' J =f 7 ^7 U 2f- 5^ H o 

2 : pUCP 1 9-HCO>r >it-HDNA®e^-iJ7ji>^^7'^>r 

ia^JS? 1 3 : pUCP 1 9 -EC(D-( yV—hDNA(Di^ — -^7x.-^7.my^^ 

iSJ'iJS^l 4 :His-tagged SLDH iJ^tU^rn^— ^ — i^zi— HT-SDN Ai2i'!J^& 

leW^ 1 5 : His-tagged SLDH i> J;l;'fro ^=i- Ht" -5D N Ai23»J^ 

tgiiitsfci*©7'>5^-fe >;^7'7-Y -T-ji LTi& < < is&i-^nfc^i- =3 7 ^ U 

:^5^Ho 

mvmm 6 : SLDHji^s^^S'^u-T^-f >^7^IJlgKcDDNAli?ij3&iifsrS 
tcti)(D-\z>xr^-Cx'-tLXm<-<<mi-^tltz:t^}^'7^U:t^ Ho 
iB^J#^l 7 : SLDH3ifi?(D3*#ri-7='f > ^^^©D N AU^nj^lg^if S 
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^m^m 8 : SLDH©N«T^y^gBJ'!Jo 

mm^ i9:SLDH=i-v^^> ygB^ij© 5 '±m.mmiz s s p i um^iii^m 

K^JS^ 20:SLDH=J-T^^> yiE^iJ© 5 '±Siifi^(z S s p I mm^UL^m 
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m ^ (D ^ m 

(b) ^^-^M : 4kDa 

(c) mmm nad (p) 'm^'& 

2. ^;i/=i>'/-x^^- • :^dri>^>;^G6 2 4|*ftl3?^TfeSlt5|cIilg2^CDV;i/ 
h: h —)\y=r t H D /7':^— iz„ ' 

3 . m^m 2 iBig© v;i/ 1 h --/I'T^ t h- D '7:^— fe* i::»-^ji'fb±s lej-Citfi-T- 

5. WF(D(a)^3tl±(b)®gamT-fe'5V;i/t- h-;U7=t: h-D^T^— fe'o 
(b) ±IB{a)®7'^yM^Jt:iJ^^T. 1 ^ b < tiMcpT ^ y^A^^^ffe^M^x 

^DNAo 

7. WT®(a)^;t{i(b)©DNAT-$)S«»5}cJi6gBie<^DNAo 

(a) iH^m@a^iJ#^ 2 lZ/f>^tLSiMSia?iJrt'iiS#-^ 5 3 7- 1 9 9 1 Tvr^^ 
n 5 ^SiH^J A* ^ -S D N A 

(b) ±lB(a)<3DmSiB5yhX h U >i^:i^> h^Slfef^T-M^ yiJ^^XLf#SD 
NA 

8 . =3 y /7 ^ {CM -r 2> Iffl® fi3feT' ^ ^ Bi5)cIH 6 ^ ?!; li 7 3BIS© D N A o 
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9 . m,^mmm-^2izmi^ti^mmm^i^^^^5 37~i99i-r^^n 

■5 iSSia^'J ^j: -S D N A *5 ct t>'^M^D N A h ^ N -< :r 'J X U# S D N A 
To 

10. HS^JS9i3i6®3ieTlcJ:-:)T=i- h'^Hx VJliih-)]^^}! h'u^i— 
1 1. WT®(a)Sfe{i(b)©DNAA»?>^ci)ro^-^-iifEr^^„ 

(a) wmMnm^ 2 iz^s^n^jssiciy'j^ss-^ i ~ 5 3 e t^x^nsm 

(b) ±sB(a)®J^siH?'J{3*5v^T. 1 *) b < mm. nx. 

T r D ^ - - fS t4 ^ W 1- S D N A 

1 2. iiA}^II6~90U-rtL)!)»{CH3ig©DNA^^tfi^Mmx.^^4?-o 
1 3. Bi>J<iI6~9©tN-rn*>{Csai2®DNA<&^trl631^i'^'-o 
1 4. v;i/;tf-X7^t h'o>r:>— fcf*=i-h't^DNAi5j;t>*/^;rc{±v;i/Jt?V 
KDy:h— tf>&z}— KrSDNA>&i^,{c^trsfA}<ia 1 3tW.(D^M^^ 

tJ^i^i- K^;niy/N-^'^-/SA^e,^d:S^J:i3SiK^n5S{c:Jl-r2»l§5ft3Sl 5 
1 7. D-v;i/t:h-;i/^2->:rh-L-i5^o>i^ic^^-r5Hgij&#-rsMAlc 

1 5 t fcti 1 6 HEJ«8©BMSI^<*:c, 
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2 0. 'JJl^^-X^fM Kpy:^— K-r'5DNAi5«tt>*V;i/J^'V>-r t K 
D >f n - K r ^ D N A !&^tf ^m-i -T-ff^Klsm^ tifcr^im^ 

»3^#^n€)L-V S X#.5:^tf 2 - 'ir b - L - y P >6g(DM 
2 2. 1^^112 0^fc{±2 lfatlc©:^?i{ziOf#e>n^ 2 h-L-^n>m 
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SPECIMEN SEQUENCE LISTING 
<110> Fujisawa Pharmaceutical Co., Ltd. 

<120> Sorbitol Dehydrogenase, Gene Coding Thereof and Use Thereof 

<130> 09348 

<150> JP 11-72810 
<151> 1999-03-17 

<150> JP 11-224679 
<151> 1999-08-06 

<160> 20 

<210> 1 
<211> 485 
<212> PRT 

<213> Gluconobacter oxydans 
<400> 1 

Met He Thr Arg GIu Thr Leu Lys Ser Leu Pro Ala Asn Val Gin Ala 

15 10 15 

Pro Pro Tyr Asp He Asp Gly He Lys Pro Gly He Val His Phe Gly 

20 25 30 

Val Gly Asn Phe Phe Arg Ala His Glu Ala Phe Tyr Val Glu Gin He 

35 40 45 

Leu Glu His Ala Pro Asp Trp Ala He Val Gly Val Gly Leu Thr Gly 

50 55 60 

Ser Asp Arg Ser Lys Lys Lys Ala Glu Glu Phe Lys Ala Gin Asp Cys 
65 70 75 80 

Leu Tyr Ser Leu Thr Glu Thr Ala Pro Ser Gly Lys Ser Thr Val Arg 

85 90 95 

Val Met Gly Ala Leu Arg Asp Tyr Leu Leu Ala Pro Ala Asp Pro Glu 

100 105 110 

Ala Val Leu Lys His Leu Val Asp Pro Ala He Arg He Val Ser Met 

115 120 125 

Thr He Thr Glu Gly Gly Tyr Asn He Asn Glu Thr Thr Gly Ala Phe 
130 135 140 
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Gin Lys Val He Val Leu Arg Lys lie He Arg Glu Lys Gly Val Lys 
465 470 475 480 

Ala Ala He Pro Ala 
485 

<210> 2 
<211> 4115 
<212> DNA 

<213> Gluconobacter oxydans 

<220> 
<221> CDS 

<222> (537).. (1994) 
<400> 2 

aagcttgcat gcctgcaggt cgactctaga ggatccggtt ttggcagcgc tccctagatt 60 

gatgcggcgt ctgttgaccg acatgatgct ggtggcacgt gccattgcga cggggcgtgc 120 

gaccgggaac acaggcctgc tgcctttgta caaggggctg agtcatgcgc tgcgtgggct 180 

ggcacatagt tgcgaagagc agttgcgcgc aaagcagaac cagcatgaac agcagtccga 240 

agacgaggaa atcctcggcc tcctaccgcg attggaagag cagacccgtc ctgagatgcg 300 

ttttgtgatg tccctgttcc gcgaggatct cgaacgggct gttggggtgc tcatgcgttc 360 

tgatgcgagt gccgcaaaag gtctctgaac aggacgtccc gcggagggca gtcagaggtc 420 

gaaatggctc ctgttgaaac cgtcattcgg tttttacgtt gtttcggggc tatgatggca 480 

catgcccggc cttgtcggtc cccgtcagcg accggcccga aaccacggag aattcc atg 539 
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70 75 80 

tat tec ctg acc gag acg get ccg tec ggc aag age acg gtg cgc gtc 827 
Tyr Ser Leu Thr Glu Thr Ala Pro Ser Gly Lys Ser Thr Val Arg Val 

85 90 95 

atg ggc gcg ctg cgt gac tat ctg ctt gcc ccg gee gat ccg gaa gcc 875 
Met Gly Ala Leu Arg Asp Tyr Leu Leu Ala Pro Ala Asp Pro Glu Ala 

100 105 110 

gtg ctg aag cat ctt gtt gat ccg gcc ate cgc ate gtt tec atg acg 923 
Val Leu Lys His Leu Val Asp Pro Ala He Arg He Val Ser Met Thr 

115 120 125 

ate acg gaa ggc ggc tac aac ate aac gag acg acc ggt gcg ttc gat 971 
He Thr Glu Gly Gly Tyr Asn He Asn Glu Thr Thr Gly Ala Phe Asp 
130 135 140 145 

ctg gag aat gcg gca gta aag gcc gac etc aag aac ccg gaa aag ccg 1019 
Leu Glu Asn Ala Ala Val Lys Ala Asp Leu Lys Asn Pro Glu Lys Pro 

150 155 160 

tct acc gtt ttc ggt tac gtg gtc gag gcc ctg cgt cgt cgt tgg gat 1067 
Ser Thr Val Phe Gly Tyr Val Val Glu Ala Leu Arg Arg Arg Trp Asp 

165 170 175 

gcc ggt ggt aag gca ttt acg gtc atg tec tgt gat aac ctg cgt cat 1115 
Ala Gly Gly Lys Ala Phe Thr Val Met Ser Cys Asp Asn Leu Arg His 

180 185 190 

aac ggc aat gtc gcc cgc aag gcc ttc etc ggc tat gcg aag gcg cgc 1163 
Asn Gly Asn Val Ala Arg Lys Ala Phe Leu Gly Tyr Ala Lys Ala Ala 

195 200 205 

gat ccg gag ttg.geg aag tgg att gag gaa aac gcg acc ttc ccg aac 1211 
Asp Pro Glu Leu Ala Lys Trp He Glu Glu Asn Ala Thr Phe Pro Asn 
210 215 220 225 

gga atg gtt gat cgc ate ace ccg ace gtt teg gcg gaa ate gcc aag 1259 
Gly Met Val Asp Arg lie Thr Pro Thr Val Ser Ala Glu He Ala Lys 

230 235 240 

aag etc aac gcg gcc agt ggg ctg gat gac gac ctg ccg ctg gtg gee 1307 
Lys Leu Asn Ala Ala Ser Gly Leu Asp Asp Asp Leu Pro Leu Val Ala 

245 250 255 

gag gat ttc cat cag tgg gtg ctg gaa gac cag ttt gcg gat ggc cgt 1355 
Glu Asp Phe His Gin Trp Val Leu Glu Asp Gin Phe Ala Asp Gly Arg 

260 265 270 

ccg ccg ctt gaa aaa gcc ggc gtg cag atg gtc ggg gac gtg acg gac 1403 
Pro Pro Leu Glu Lys Ala Gly Val Gin Met Val Gly Asp Val Thr Asp 
275 280 285 
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tctggaagga gcgcggtttt ttttatgctc agatctgtcc catcaggaca aggatcacga 2094 



wo 00/55329 



PCT/JPOO/01608 



6/12 



cgaccacgat caggacaagt ccgctggagg 
acggcagcgc accgagatca ggattacaag 
ccggttgaga ctggtctgtg ttccgggtgt 
caaagctgtc ggtcgcgctt aatccggtcc 
tgtgcgcgtt tgcgctctgt ctctgacata 
tcgcggatca gggtgcgcca gcgcacgcgg 
ccgagaatac gataggcatc cggctcgttt 
gcccggtccc atgctcctgg cggcaggcca 
atttccttcg ggtgaagctc gcggctgggg 
gccgtcatga ggttctcaag cggcgccgta 
gcatacatct cgaaatcgtc cgtccggtcg 
ttggtgttat cgggggggaa ctggaagcag 
accggcccgt cgatcttcgc cagcttcgcg 
tgatctcgtt tgcccagggc cgcagcaatc 
ggatcgggac ggccattcgc gggaaagcgc 
agcgaaccgt tatcggcggc atgccccagc 
ccaaccgcga agcccgcgac accaccgaac 
tagcacgccc gctcacagcg gcaaatgaca 
ccaaccgccc gggcttgcgg tgtggtagaa 
tgcttttgag gcgcaggttc ttctgttcgt 
atccagactg ctacttcgat ccctttccgc 
aagcgtctgc caatgtggct gcagaaagtg 
tgggttcgga ttccggcggg cgtgctgttc 
gttctgggtc tgtggatgct gccggtcggc 
ttccgtcgcc ttcagggccg cctcttgcgc 
ggccttccgg cgaaaagcgg cagaagctaa 
gtcagtgctg caacccgcag ggctgaagcc 
agagaagcca ccagagacgc aaagctctgc 
gcccagaact cgggttccag tgccacggac 
ttgacgagat cactcattcc ggttgtttct 
cggaaacatc agggtccgga tcactcagca 
cggccgagtt gccgatcgcg atcaggacag 
ttgaccggag agccagaaaa aaacgtccgg 
tcgagttttg gtgcaatcag ctccgggcgg 

<210> 3 
<211> 16 
<212> DNA 

<213> Artificial Sequence 



gggagcccca tttcgaactg tacggccatg 2154 

aaggatcagt cccatggcac atctctcttg 2214 

ctaaaaagtt tccgtagggg cgcgaaagat 2274 

caagccgcat tgatgcgggc cacccggtcc 2334 

ggtttctggg ccagcacgtc cggatgatgt 2394 

atttctgtgt cagttgcgct gcgggtgatg 2454 

ccgctggcgg cgcgattgtt gccgctttcg 2514 

aatgccccgt gaacgcgctg cagaaaatcg 2574 

ccggcatcgg cacgggcgat acggaacagt 2634 

ttatcggcat aggecttgcc catttcgcgg 2694 

cgggcgcgat cgaacagcat gccgacttcc 2754 

gtcttgaaag cgttgatttc gtgtcggttc 2814 

cacagggcaa caaggccgat ggcgtaaagc 2874 

ttggcagcgc cgaaaaaggc cgcgctgttg 2934 

tcactccagc cgcccgttga gggcttgagt 2994 

gctgcgccca tcagtgctcc gaaaggacca 3054 

atcttgcccc agatagccat gtcatcaacc 3114 

gatcgcaggc taggtgtagg tgctgatgcg 3174 

gctaggagtt acgaacttat cgctgtctca 3234 

ttcatgacgg atatttttat gcccaccttg 3294 

tctgatgacg aactgatgga tcttttgatc 3354 

ctgaactggt tgcgggaagc ggatcataaa 3414 

atgctgggcg gcgttctgtc catcctgcct 3474 

gtgatgttgc ttgcgcagga tattccgttc 3534 

tggatcgEiac gtcaacatcc ggattggctg 3594 

ccgttcgtct ggacgtgttt ctgaagatgt 3654 

agtgggcgct ctggtggtcg cgcggcatcg 3714 

tggcggactg cggccatcgc gtccagtata 3774 

gtccggtgtc ctgacagaga caggctgcgt 3834 

caaggcgctt caaagcccat tgtgcggttt 3894 

gctcccgcgc agaagatata agcgacggat 3954 

ttacgtacga accggttgcg tccaatccgt 4014 

aatgtcgcat tatccagccg caccagttcg 4074 

gcctgaagct t 4115 
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<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert 
DNA of PUCP19-HC. 

<400> 3 

gctgctgagt gatccg 16 

<210> 4 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert 
DNA of PUCP19-HC. 

<400> 4 

gactgctact tcgatcc 17 

<210> 5 
<211> 16 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert 
DNA of pUCPie-HC. 

<400> 5 

cctacaccta gcctgc 16 

<210> 6 
<211> 16 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert 
DNA of PUCP19-HC. 
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<400> 6 

cagtgccgtc atgagg 



16 



<210> 7 
<211> 16 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert 
DNA of PUCP19-HC. 



<210> 8 
<211> 16 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert 
DNA of PUCP19-HC. 



<210> 9 
<211> 16 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert 
DNA of PUCP19-HC. 



<400> 7 

tcctgatctc ggtgcg 



16 



<400> 8 

gatgcttcag cacggc 



16 



<400> 9 

g8u:gatcacg gaaggc 



16 



<210> 10 
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<211> 16 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert 
DNA of PUCP19-HC. 

<400> 10 

ggttacgtgg tcgacg 16 

<210> 11 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert 
DNA of PUCP19-HC. 

<400> 11 

ctatacctga caggtcc 17 

<210> 12 
<211> 16 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert 
DNA of pUCPlB-HC. 

<400> 12 

gcgcgatctg gatacg 16 

<210> 13 
<211> 16 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert 
DNA of PUCP19-HC. 

<400> 13 

cgaggatctc gaacgg 16 

<210> 14 
<2n> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as sense primer for amplifying 
DNA sequence encoding His-tagged SLDH and promoter. 

<400> 14 

cggattgcta gcgatggc 18 

<210> 15 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as antisense primer for 

amplifying DNA sequence encoding His-tagged SLDH and promoter. 

<40Q> 15 

atcgaggatc ctcaatgatg atgatgatga tgggccggga tggcggc 47 

<210> 16 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as sense primer for amplifying 
DNA sequence of 3* non-coding region of SLDH gene. 
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<400> 16 

atcgaggatc cattcggctt ttagggtagc 30 

<210> 17 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as antisense primer for 

amplifying DNA sequence of 3' non-coding region of SLDH gene. 

<40Q> 17 

tagctgagct catgggacag atctgagc 28 

<210> 18 
<211> 10 
<212> PRT 

<213> Gluconobacter oxydans 
<220> 

<223> N-terminal amino acid sequence of SLDH. 
<400> 18 

Met He Thr Arg 61u Thr Leu Lys Ser Leu 
1 .5 10 

<210> 19 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as PCR primer (sense) for 

introducing Ssp I restriction site into 5' upstream region of 
SLDH coding sequence. 



<400> 19 

taggaatatt tctcatgatt acgcgcgaaa ccc 



33 



wo 00/55329 



PCT/JPOO/01608 



1 



12/12 

<210> 20 
<211> 16 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as PGR primer (antisense) for 
introducing Ssp I restriction site into 5* upstream region of 
SLDH coding sequence. 



<400> 20 

gatgcttcag cacggc 16 
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